Hot water extracts of Nephroma arcticum (lichenized Ascomycete) show a fungistatic effect. They possess an inhibitory action on the growth of the lower eucaryote Physarum polycephalum (Myxomycetae), which was used as a model system. The biological action of Nephroma extracts can be accounted for in microplasmodia by an initial inhibition of respiration leading to a secondary inhibition of DNA, RNA and protein synthesis. Although microplasmodia can be readily killed by Nephroma extracts, reversibility of their action can be observed. Reversibility depends upon the relative amount of Nephroma extract and of microplasmodia. These observations can account for the described action of Nephroma extracts on fungi, plant and animal cells. In spite of the observed respiratory inhibition after addition of Nephroma extract, no effect was detected in vitro on the oxygen consumption of rat mitochondria suggesting that the active substance could be a metabolite.
Introduction
Hot water extracts of Nephroma arcticum (lichenized Ascomycete) show a fungistatic effect. They possess an inhibitory action on the growth of the lower eucaryote Physarum polycephalum (Myxomycetae), which was used as a model system. The biological action of Nephroma extracts can be accounted for in microplasmodia by an initial inhibition of respiration leading to a secondary inhibition of DNA, RNA and protein synthesis. Although microplasmodia can be readily killed by Nephroma extracts, reversibility of their action can be observed. Reversibility depends upon the relative amount of Nephroma extract and of microplasmodia. These observations can account for the described action of Nephroma extracts on fungi, plant and animal cells. In spite of the observed respiratory inhibition after addition of Nephroma extract, no effect was detected in vitro on the oxygen consumption of rat mitochondria suggesting that the active substance could be a metabolite.
HENNINGSSON and LUNDSTROM [I]
reported a fungistatic effect of a water extract made from the thalli of a lichenized Ascomycete, Nephroma arcticum, which grows on humus rich soils throughout the low arctic and the subarctic regions [2] . These water extracts were active against wood destroying fungi such as Allescheria, Chaetomium and Lenzites [3] . They were also active on Vicia faba and Chinese hamster cells on which they reduced the mitotic index without having any effect on chromosome structure [4] . A reduction of the mitotic index could be accounted for by the modification of the activity of a particular protein involved in the mitotic processes. But, it could also be an indirect consequence of the perturbations of several biosynthetic pathways like DNA, RNA or protein synthesis. In order to be able to start a purification of the active substance it was necessary to investigate in more detail the action of these extracts at the cellular level.
For this purpose, a lower eucaryote Physarum polycephalum (Myxomycete) is useful [5, 61 . The plasmodial form of this fungus is specially suitable for biosynthesis measurements [7] and possibly allows tKe determination of a phase specificity due to the natural synchrony of its nuclear divisions [8, 91.
Materials and Methods

Preparation o f water Extracts
Nephroma arcticum (L.) To~ss, thalli collected in north Sweden and kept a t 4O C, were cleaned from mosses and soil particles, ground to a powder (MSE homogenizer) and extracted with a Soxhlet apparatus during 12 h (100 g of Nephroma powder was extracted with 1000 ml of water). The water soluble extract was then distributed into 100 ml vials which were flushed with nitrogen, scaled with paraffin, and kept frozen at -30° C. The p H of aqueous extracts was found to be of the order of 4.6. N o change in p H of the culture medium used could be detected after addition of Nephroma extracts. Nephroma extracts have been generally used after sterilization (120° C, 15 minutes) but, occasionally, they have been added unsterilized to the liquid medium (SDM) leading to the same inhibitory activity. All experiments were performed with Nephroma extracts prepared from the same batch of Nephroma arcticum except in the experiments described in fig. 2 .
Physarum strain
The amoeba1 strain of Physarum polycephalum used in all these studies was the Colonia strain (CL) [lo] which has been kindly provided by Dr. WHEALS. Plasmodia were directly derived from the amoebae [lo, 111.
Amoeba1 cultures
Amoebae were grown in two membered cultures with Escherichia coli a t 27O C on liver infusion agar [12] .
Plasmodia1 cultures
Microplasmodia were grown in liquid cultures in 500 ml vials containing 150 ml of semi Wright, Tollon, Lundstrom defined medium (SDM) incubated a t 27O C in a water bath and submitted to reciprocatory shaking a t 110 strokes per min. Macroplasmodia were grown a t 27O C on SDM agar (obtained by mixing one volume of SDM with one volume of 3 010 agar). The composition of the semi defined medium was derived from the formula given by DANIEL and R u s c~ [13] and modified by DANIEL and BALDWIN [14] .
Optical density measurements of microplasmodia
Aliquots were taken out from a liquid culture, diluted if necessary, centrifuged gently with a bench clinical centrifuge. The supernatant was used to adjust the zero point of the Eppendorf photometer a t 546 nm. Then the supernatant was added back to the plasmodia1 pellet and the optical density was read quickly after shaking. With the C L strain, in the culture conditions used, 1 O.D. was equivalent to 0.35 mg of protein per ml and to 3780 microplasmodia per ml.
Incorporation of radioactive precursors
Radioactive pulse feedings were carried out with 4 ml aliquots of microplasmodial cultures in 50 ml vials under the following conditions: a H leucine: 200 p g per ml final, 10 mpCil pg, 1 h pulse S H uridine: 100 p g per ml final, 4 mpCi1 pg, 1 h pulse $H thymidine: 200 p g per ml final, 20 mpCi1 pg, 30 min pulse. Incorporation was stopped by cooling the vials a t 4O C. Microplasmodia were removed and the vials washed with 1 ml of cold water. The micr~~lasrnodial suspension and the wash were mixed and centrifuged for 2 min in a bench clinical centrifuge. The supernatant was removed, 0.5 ml of sodium citrate 0.15 mM, NaCl 0.15 M, p H 7.2 were added t o each pellet and the suspensions were frozen a t -30° C.
After thawing a t room temperature, each suspension was incubated for 30 min a t 4' C with 0.5 ml of cold trichloro-acetic acid/acetone (8 volJ92 vol.) and centrifuged 15 min a t 18,000 g (Rotor JA 20 Beckman, 15,000 RPM). The supernatant was discarded, the pellet was incubated 30 min at 4O C with 0. rere taken out from the treated culture a t efferent times and the rata of oxygen disappea-C the inhibitory activity decreased with ,ante was measured in arbitrary units. The op-time ( fig. lb) . But, the inhibitory actiical densities of the culture were 0.30 a t the vity remained constant, for at least leginning of the experiment and 0.40 after 32h. three months, when Nephroma extracts were flushed with nitrogen and kept frozen at -30' C in sealed vials ( fig. Ic) .
3esults
This suggests that the slow inactivation of Nephroma extracts with time is meroxicity towards Physarum diated through an oxidation reaction.
Physarum polycephalum shows two
Electron microscopic examinations of nain forms during its biological cycle: treated microplasmodia in liquid culininucleate amoebae which grow on ture showed that at concentrations of lgar medium in a bacterial lawn and Nephroma higher than 5O10, microplasnultinucleate plasmodia which can rnodia became readely necrotic. :ither be grown on agar (macroplasnodia) or in liquid axenic medium Inhibition of nucleic acids and microplasmodia). These two forms Protein synthesis iiffer also by their type of mitosis:
In liquid culture, growth inhibition ~moebae show an open mitosis with of mi~ro~lasmodia, measured by varia-:entrioles, plasmodia a semi closed tion of the optical density at 546 nm, nitosis without centrioles. Their drug occurred very quickly after the addition :ensitivity, as is the case for griseofulvin of Nephroma extract to the culture ( fig.   1151 can be completely different. There-la). The optical density variation is 'ore the action of Nephroma extracts related to the amount of protein in vas checked on these two forms which microplasmodia and to the number of ~ppeared to be equally sensitive. microplasmodia in the culture [7] . The 4moebae were unable to grow (14 days incorporation of tritiated leucine, uri-)f incubation) after addition of 10 and dine and thymidine was monitored in !5 OIo Nephroma extract in the medium. the presence and absence of 15 O/o [n the presence of 5010 Nephroma ex-Nephroma extract ( fig. 2) . A concomi-:ract the number of amoeba1 colonies tant inhibition of these three incorpora- (fig. 3) . It can be seen that after eight hours in the presence of Nephroma extract, microplasmodial respiration was increasing. Twenty hours after the addition of Nephroma extract to the culture, the ratio of oxygen consumption versus the amount of microplasmodia had reached 94010 of the ratio obtained with the control. This fact implies that under the experimental conditions used, the inhibitory action of Nephroma extract was partially reversible.
Reversibility of the inhibitory effect
In the presence of 5OIo Nephroma extract in the medium, microplasmodial growth was completely and almost immediately inhibited ( fig. la) . Under these conditions, a survival curve sho- Nephroma extract. After 24 h, less than 0.3 microplasmodia per ml was still able to grow on SDM agar, but none after 48 h or more. When the ratio of the amount of Nephrorna extract versus the amount of microplasmodia was high enough, microplasmodia were killed. When experiments were carried out in high concentrations of microplasmodia, i. e. for incorporation of radioactive precursors or for checking respiration inhibition, the amount of Nephroma extract had to be increased in order to observe strong inhibitory effects. The critial ratio was a concentration of 5O/o Nephroma extract and a starting optical density of 0.10. Under these conditions, it was possible to have complete death of all microplasmodia or further growth of some of them ( fig. 4a) . When the starting amount of microplasmodia was increased, the growth delay decreased ( fig. 4a ). Such delays may be due to the growth of resistant microplasmodia. This hypothesis is however unlikely because the amount of microplasmodia was not high enough to allow the selection of resistant mutants and because microplasmodia are multinucleate. In fact, such microplasmodia were equally sensitive to Nephroma extract as the starting ones (fig. 4b) . The active principle could also be metabolized by microplasmodia and/or could be naturally deeraded under the culture conditions. If it is difficult to reject the first possibility in the absence of knowledge concerning the chemical nature of the O n the contrary, the control medium was found to completely inhibit plasm d i a l growth. This natural degradation is sufficient to account for the disappearance of the inhibitory action after a few days in a culture and the growth of the remaining viable microplasmodia.
Discussion
An inhibitory action of Nephroma extracts has been found using vertebrate cells, plant cells [4] These inhibitions could explain the The inhibition of respiration as inhibition of growth of wood destroy-shown with treated microplasmodia ing fungi [I, 31 and the reduction of the cannot be explained by a direct inhibimitotic index of Vicia faba and Chinese tion of mitochondria1 metabolism due hamster cells [4] , by Nephroma to Nephroma extracts. We found that extracts the addition of 17O/o Nephroma extract to a preparation of rat mitochondria does not modify their rate of oxygen consumption. One hypothesis which could explain such a fact is that the active substance may be a metabolite of one of the compounds present in the water Nepbroma extract.
